Isolation of Leishmania parasite and species identification are important for confirmation and to help define the epidemiology of the leishmaniasis. Mice are often used to isolate pathogens, but the most common mouse strains are resistant to infection with parasites from the Leishmania (Viannia) subgenus. In this study we tested the inoculation of interferon gamma knockout (IFNg KO) mice with biopsy macerates from Leishmania-infected patients to increase the possibility of isolating parasites. Biopsies from twenty five patients with clinical signs of leishmaniasis were taken and tested for the presence of parasites. Immunohistochemical assay (IHC) and conventional histopathology detected the parasite in 88% and 83% of the patients, respectively. Leishmania sp. were isolated in biopsy macerates from 52% of the patients by culture in Grace's insect medium, but 13% of isolates were lost due to contamination. Inoculation of macerates in IFNg KO mice provides isolation of parasites in 31.8% of the biopsies. Most isolates belong to L. (Viannia) subgenus, as confirmed by PCR, except one that belongs to L. (Leishmania) subgenus. Our preliminary results support the use of IFNg KO mice to improve the possibility to isolate New World Leishmania species.
INTRODUCTION
Leishmaniasis is a zoonotic tropical disease present in four continents and is considered endemic in 88 countries, 82% of which are considered to be developing countries 8 . In Brazil, the incidence of leishmaniasis has increased during the last 20 years and many outbreaks in the South East, North East, Central, and more recently in the Amazonian region, have been reported 3 . According to the Brazilian Ministry of Health, during the period of 1985 to 2005 the annual average of new reported cases for the whole country was 28,568. The Tropical Diseases Hospital (TDH) in Goiânia, capital of the state of Goiás, is one of the reference hospitals for patients from the West and Central regions of Brazil, mainly those from Mato Grosso and Goiás states. The TDH also assists many patients from the neighboring States such as Tocantins and Pará (North region). The clinical forms of American tegumentary leishmaniasis (ATL) observed in patients coming from these areas include localized cutaneous leishmaniasis (LCL); diffuse cutaneous leishmaniasis (DCL); muco-cutaneous leishmaniasis (MCL) and visceral leishmaniasis (VL). The species of Leishmania so far identified by PCR and PCR-FLRP 4, 24 in this large area belong to the subgenera L. There are about 22 species of Leishmania that can infect human beings causing a broad clinical spectrum of cutaneous leishmaniasis 4, 19 . A single species can often cause different clinical manifestations depending on the virulence of the parasite and the host resistance to the infection. On the other hand, some species are clearly associated with a worse prognosis and with more severe clinical manifestations of the disease. Therefore, while the detection of the parasite is sufficient for diagnostic purposes, the precise identification of the Leishmania species is important for epidemiological and clinical reasons, helping to investigate the pathogenesis of the different clinical forms of tegumentary leishmaniasis.
Traditionally, the species of Leishmania were identified on morphological grounds such as the parasite's size and the features of the vacuoles in infected macrophages. In addition, more complex approaches were used in research laboratories including the ability to grow in culture, development in the vector, electrophoretic mobility of different isoenzymes (zymodeme analyses) and the use of monoclonal antibodies (serodeme analyses) 6, 10, 14 . Molecular biology techniques have great potential to make the identification of Leishmania species more practical, quick and precise from material obtained directly from the skin lesions or from biopsies. The sensitivity of species-specific primers is worse than the primers for kDNA, but is reliable for purposes of diagnosis 17 . However, isolation of the parasite before carrying out 84 species identification by molecular assays can increase the possibility of identifying the parasite. Moreover, isolates can be stored and be studied for the presence of virulence factors or resistance to drugs, and also for changes or adaptations that can occur within the species which are of obvious epidemiological importance.
Parasites are usually isolated in liquid or semi-solid culture media, but some species like L. (V.) braziliensis can be difficult to grow in culture medium 12, 13 . Infections of experimental animals are additionally used to increase the chances of isolating the parasite; BALB/c mice or hamsters are the most common laboratory animals used for this purpose 23 . Hamsters, although cumbersome to raise, are frequently used to isolate Leishmania because they are susceptible to practically all Leishmania species tested, whereas the most common mouse strains show varying degrees of susceptibility to the different parasite species and are, for instance, very resistant to L .(V.) braziliensis infection 23 .
Resistance to Leishmania infection, including L. (V.) braziliensis, depends on the ability of the host to synthesize adequate amounts of macrophage-activating cytokines, especially IFNg. Mice that lack this cytokine are highly susceptible to Leishmania infection, including L. (V.) braziliensis infection 7 . Consequently, we tested IFNg knockout (IFNg KO) mice as an alternative host to isolate Leishmania from patient biopsies, a step to improve further species characterization and towards understanding the biology of the parasite. We propose that the inoculation of biopsy macerates in IFNg KO mice can contribute to the isolation of Leishmania parasites.
MATERIAL AND METHODS

Patients:
This study reports on a cohort of patients examined at the leishmaniasis outpatient (ambulatory care) service of the TDH, Goiânia, Brazil, between November 2005 and December 2006, presenting cutaneous or mucosal lesions and clinical history suggestive of leishmaniasis. All patients were volunteers, and informed consent was given prior to lesion biopsy, blood sample collecting and/or performing Montenegro skin test (MST). The patients came from endemic areas from Northern and Central regions of Brazil and had not been previously treated for leishmaniasis. Patients who tested positive in at least one of the tests for leishmaniasis were included in the cohort; patients whose tests were negative were excluded. The Ethical Committee for Human and Animal research of the "Hospital das Clínicas" of the Goiás Federal University approved all procedures reported in this study.
Animals:
Female C57BL/6 wild type or C57BL/6 mice with disrupted IFNg genes (IFNg KO mice) were bred at the animal facilities of Federal University of Goiás/IPTSP, Brazil. IFNg KO mice were originally purchased from Jackson Laboratories, ME/USA (B6.129S7-ifng tm1Ts ). The mice used were 6-12 weeks old and were maintained in a clean conventional mouse facility with ad libitum access to water and food. 26 , were cultured for six days in 24-well culture plates kept at 26 ºC in Grace's insect culture medium (Sigma Chemical Co., St. Louis, MO, USA) supplemented with 20% heat-inactivated fetal calf serum (FCS, Gibco BRL, Argentina), 2 mM L-glutamine, 100 U/mL penicillin, and 100 µ/mL streptomycin (referred to as Grace's complete medium). The parasites were washed with PBS and groups of four mice were injected subcutaneously with 5 x 10 6 live promastigotes into one of the hind footpads. Lesion size was measured during the course of infection with a dial micrometer and expressed as the difference in size between the infected footpad and the contralateral uninfected footpad. Following ethical procedures, when the footpad lesion reached 5 to 6 mm of thickness or presented ulceration, the mice were euthanized.
Infection
Isolation of Leishmania from human biopsies in mice:
Biopsies were taken from the border of the lesion under local anesthesia using a 3 mm skin punch biopsy. The biopsy fragment was macerated in 0.5 mL sterile 0.15 M NaCl (saline) and 50 µL of the suspension were inoculated into the dermis of both posterior footpads of one IFNg KO mouse. The paws were inspected weekly until the 60 th day after inoculum or until the lesion reached 2 to 3 mm. The animal was euthanized by CO 2 inhalation and the footpads were aseptically collected, macerated and cultured in Grace's complete medium at 26 °C. The cultures were periodically examined for parasites.
Isolation of Leishmania from human biopsies in culture:
Biopsies were macerated in 0.5 mL saline and 0.4 mL of the suspension was cultured in 24-well plates (Costar, Cambridge, MA, USA) in Grace's complete medium at 26 °C for up to 30 days.
Montenegro skin test (MST):
MST was performed using two similar antigen preparations, but from different laboratories (ISEP, Paraná, Brazil, and Laboratory of Leishmaniasis, Federal University of Minas Gerais, Brazil). They consisted of disrupted L. (L.) amazonensis (MHOM/BR/73/ M2269) containing 40 µg/mL of total nitrogen as described by MELO et al.,1977 15 . The antigen (0.1 mL) was injected intradermically (ID) into the forearm and the reaction was measured 72 hours after injection. The reaction was considered positive when induration at the site of injection was ≥ 5 mm.
Indirect immunofluorescence reaction (IIF):
Peripheral blood was collected and the serum underwent IIF reaction using promastigotes forms of L. (L.) amazonensis (IFLA/BR/67/PH8) to detect specific IgG antibodies using as secondary antibody, FITC-conjugated goat antihuman (IgG-specific) immunoglobulin (Bio-Mérieux).
Histopathology and immunohistochemistry (IHC) tests:
Paraffinembedded 3 mm tissue sections were stained using Hematoxylin-Eosin (H&E), Giemsa Stain; Fite-Faraco method, periodic-acid Schiff (PAS) and Grocott's methenamine silver method or submitted to immunohistochemistry (IHC) with rabbit polyclonal antibodies antiLeishmania sp. (1/15000) (kindly supplied by Dr. Luis Antônio Freitas, Fiocruz, Bahia, Brazil). After overnight incubation with these antibodies, sections were treated with streptoavidin-biotin-peroxidase (kit-LSABplus, Dako, Glostrup, Denmark) followed by counterstaining with Mayer's hematoxylin. The whole section was screened for the presence of Leishmania under light microscopy at 400x magnification. The IHC-stained slides were semi quantitatively scored for the presence of Leishmania sp. antigen on a range of zero to 3; a score of zero corresponds to no staining, a score of 1 indicated up to 25% positively-stained cells, a score of 2 indicated 25-75% positive cells, a score of 3 indicated more than 75% of positive cells.
Statistical Analyses:
The number of positive samples for each diagnostic method was expressed in percentage and differences on the ability of each method to confirm leishmaniasis was analyzed by Fisher's exact test.
RESULTS
After infection of C57BL/6 mice or IFNg KO C57BL/6 mice with infective Leishmania (Viannia) braziliensis promastigotes isolated from two patients assisted at the TDH, it was observed that wild type C57BL/6 mice develop a small lesion that heals spontaneously (Fig. 1A) . On the other hand, IFNg KO C57BL/6 mice develop an uncontrolled lesion that ulcerates four weeks after inoculum or reaches a size higher than 5 mm (Fig. 1B) . These data indicates that IFNg KO C57BL/6 mice are highly susceptible to infection with L. (Viannia) parasites and could be used to isolate parasites from infected patients' biopsies.
To test that hypothesis, 37 patients admitted to the TDH presenting cutaneous or mucosal lesion with clinical history suggesting leishmaniasis were studied. Twenty five patients (67.6%) were diagnosed as infected with Leishmania, and three of them developed the mucosal form of the disease (12% of infected patients). For this study, patients were considered infected when clinical and epidemiological information was confirmed by at least one of the following diagnostic tests: isolation of parasites in culture or in mice, presence of the parasite by histopathological or IHC analysis, MST reaction above 5 mm or titer of IIF above 40. For technical reasons, it was not possible to use all methods to diagnose all patients. Parasites were observed in biopsies from 23 out of 25 infected patients (92% of infected patients) and two patients were considered positive because of positive MST measuring 8 mm and 16 mm. From the 12 patients who were diagnosed as non-infected by Leishmania, three had inconclusive laboratory exams, three had stasis ulcers, three had chronic dermatitis, two had ulcer of unknown etiology and one patient had vasculitis. None of these patients had any additional indication that the skin lesion could be caused by Leishmania infection. The IHC of biopsy sections was a very effective test to detect and diagnose leishmaniasis among the performed tests (Table 1) . Microscopic examination of stained sections was as sensitive as IHC when both were compared by the statistical test. In one patient, the biopsy was diagnosed Biopsies from all 25 patients who were diagnosed as positive for ATL were cultured in Grace's complete medium (Table 1) and parasites were observed in 13 cultures (52%); however, it was possible to recover parasites from 11 cultures (44%), since the other two cultures were contaminated with bacteria or fungi. Biopsies from 22 patients with leishmaniasis were inoculated into the footpad of IFNg KO mice and seven mice developed lesions (31.8%). It is important to point out that those patients whose biopsy macerates induced Leishmania disease in IFNg KO mice, also had positive cultures when the biopsy material was directly cultured in Grace's medium. In four patients, parasites could be isolated in culture but inoculation in IFNg KO mice did not cause visible lesions up to 60 days later. These four isolates were maintained in culture and parasites taken from these cultures, at the stationary phase, caused uncontrolled disease in IFNg KO mice when inoculated (5 x 10 6 parasites) into the foot pad, showing that the IFNg KO mice were indeed susceptible to these isolates (data not shown).
The higher scores of antigen positive cells by IHC seem to be associated with our ability to isolate parasites from cultures or in mice (Table 2) . Hence, it was easier to isolate parasites by in vitro culture or by infection of IFNg KO mice when biopsies scored 2 or 3. However, we could isolate parasites in cultures from two biopsies that were negative by IHC, and in one of these, the macerate induced lesions in IFNg KO mice ( Table 2 ).
The time of the lesion informed by the patients was between two and eight months (Table 2 ; unpublished data), except for one patient, where lesion was present for more than two years and parasites were not isolated or observed in histopathology or IHC. The positivity for ATL in this patient was based on MST reaction above 15 mm.
Six out of seven parasites isolated from mouse inoculation were characterized as belonging to L. (Viannia) subgenus and one belonging to L.(Leishmania) subgenus based on G6PD isoform found by PCR.
Three patients had mucosal lesions; of these, one had a positive MST above 8 mm and was not biopsied. Parasites were observed in the biopsy of one patient by IHC and in conventionally stained sections, but Leishmania could not be isolated from cultures or infected mice. The lesion of the third patient yielded parasites when cultured in Grace's but parasites were not seen in the sections even when stained by IHC.
DISCUSSION
Isolation of Leishmania parasites is useful for purposes of diagnosis but is mainly important for better understanding of clinical and ecoepidemiological aspects of leishmaniasis. Although there are no clear parameters that would allow us to predict whether the infection by one or other parasite would cause a more aggressive form of leishmaniasis, isolation of the parasites and their correct identification by molecular, biological or biochemical criteria is imperative in eco-epidemiological studies, especially because there are different Leishmania species and strains in nature 12 . The most common method to isolate Leishmania parasites is incubation of biopsies or lesions aspirates in culture medium.
Several culture media are used for this purpose, including Senekjie's medium containing bacto-beef-agar-peptone, solid blood agar medium, liquid Scheineider's or Grace's insect medium containing FCS, among others 9, 12, 20, 23, 25 . Additionally, different supplements have been incorporated to different media to improve culture and isolation of Leishmania, such as hemin 18 or human urine 1 We used Grace's insect medium supplemented with 20% of FCS and were able to isolate parasites from biopsies of more than 50% of infected patients. Isolation of Leishmania in culture medium in this study was more efficient than the data reported by some authors (e.g. 35% reported by GUERRA et al., 2006 11 ) and more similar to the rates described by others, ranging from 35.8% to 54.7% 2 . However, there are reports in which isolation of Leishmania in culture medium achieved 90% of the material from infected patients 9 .
L. (V.) braziliensis is the most prevalent species causing leishmaniasis in our area (our unpublished results), and it has been described that this species is difficult to isolate in culture media. In addition, some strains of this parasite seem not to grow in culture or tend to lose the ability to proliferate after a few in vitro passages 14, 22, 25 (our unpublished results). Based on these difficulties to isolate L. (V.) braziliensis and on the variation of the culture medium in different laboratories, it is understandable that the isolation of parasites in this work did not reach the highest rate reported by others.
When trying to isolate parasites by inoculum of biopsy macerates in culture, it is not uncommon to observe contamination due to bacteria and/ or fungi that come with biopsies 25 (our results). To avoid lost of parasite due to contamination, the inoculation of aspirates or biopsy macerates in Syrian hamsters have been shown to be a useful method 12, 25 . Inoculation of material from infected human tissue in hamsters showed positive results as high as 77.8% of leishmaniasis-confirmed patients 25 . Other authors were not able to obtain such high positivity rates, e.g., GUERRA et al., . Interestingly, in a report by CUBA et al. (1996) , it was shown that parasites were isolated more efficiently in culture media and only 57% of isolates were also capable of infecting hamsters 5 . It is accepted that mice are usually much less susceptible to some Leishmania species, particularly to those of the L. (Viannia) subgenus; on the other hand, IFNg deficient mice are highly susceptible to L. (V.) braziliensis infection 7 (Fig. 1) . Since many animal facilities can breed or maintain mice, but not all of them can keep other mammals, we proposed the inoculation of IFNg KO C57BL/6 mice as an additional method to isolate Leishmania from biopsies. Using this method we obtained success in only 37% of the biopsies from infected patients. Similarly to the data reported for hamsters by CUBA et al. (1996) 5 , 53.8% of biopsies which yielded parasites in liquid culture could also be isolated from IFNg KO mice. This data suggests that the susceptibility of IFNg KO mice is not different to the susceptibility of hamsters to isolate Leishmania sp. More importantly, our data shows that IFNg KO mice can be used to isolate Leishmania parasites from L. (Viannia) subgenus, since six out seven isolates obtained from IFNg KO mice belonged to L. (Viannia) subgenus.
Although a low rate of isolation of parasites was observed by using IFNg KO mice in this study, this rate can be increased. In our experiments, we waited around eight weeks before euthanizing the mice to search for parasites, however, the lesions in hamsters was described to take from two to 12 weeks to develop after inoculation of patient material 25 . This data suggests that extension of the time to more than four weeks will probably increase the chance of isolating parasites. Indeed, during analysis of this report, we observed one mouse that developed lesion three months after inoculation of biopsy macerates and another six months after inoculation of biopsy macerates. Another way to improve the isolation rate in mice would be by increasing of the number of inoculated animals. We inoculated only one mouse (two paws) per biopsy macerate. It was reported that for less virulent strains of Leishmania, inoculation in hamsters fails to infect all animals of a group 16 
.
The location, duration and size of lesion can also affect parasite isolation success. The biopsies used in this study were obtained from cutaneous or mucosal lesions with different sizes and duration between two and eight weeks. It was not possible to compare these parameters to the success of parasite isolation in this study. Nevertheless, we recently isolated parasites from three biopsies from patients with mucosal leishmaniasis (data not shown).The isolation of these parasites was only possible due to the use of IFNg KO mice, because the biopsies in culture medium were contaminated with fungi. It is described that patients with mucosal leishmaniasis usually have a low number of parasites in the lesion and isolation of parasites is difficult. This data reinforces the idea that the use of IFNg KO mice aids Leishmania isolation from biopsies.
The reason for the better isolation of parasites in culture media than animals is not clear at present, however it can be partially explained by differences in parasite species or strains and differences among the numbers of parasites in the samples 14, 23, 25 . It is possible that low amounts of parasites can be killed by the innate immune system, thus avoiding successful infection 25 . It is important to note that some strains of the parasite were described as unable to grow in hamsters 14 , but this resistance has not yet been described for IFNg KO mice. The data in this study showed for the first time that mice are partially resistant to L.
(Viannia) subgenus by some mechanism independent of IFNg, which is currently under investigation in our laboratories.
Our results support the idea that inoculation of biopsy macerates in IFNg KO mice can aid in isolating Leishmania mainly in facilities that are not prepared to maintain hamsters. 
RESUMO
